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219.5 NEGACYCLES FRCM TWO R ~ T - P O W E Z X D  MODELS 

By George B . Graves, Jr . , and J. Thorns "Hey 

Successful  telemeter  transmissior- at w e r s o n i c  speeds was obtained 
frm two five-stage rocket-powered models which used  radio  telemeters 
operating Et  a frequmcy of 219.5 megacycles. One nodel  reached a Mach 
number 02 15.5 at an- a l t i tude  of 98,000 f e e t  and the  other model reached 
a Mach  number of 15.7 at 70,500 feet altitude  before  the  telemeter si&- 
na l  was los t .  A t  Mach nunbers above 5.0 congarison w a s  made of the 
received  signal  strengt$ w i t h  the predicted  signal  st'rength  based on 
free-space  theory  for  the  expected  flight  paths. T h i s  corrrperison indi-  
cated  that  significmt  attenuation  occurred during the  period of Mach 
number increase.  Attenuetion may have resulted. from thermel  ionizatLon 
in  the  high tempershure geses  swrounding  the model or  conditions  in 
the exkaist gases  during  rocket  burning;  hovever, the r e su l t s  may have 
been  caused  by other  factors, such as changes i n  model a t t i tude  which 
placed. the  receiving  antecm  in a nu l l  in  the   redht ion   pa t te rn  o r  
lcsses i n  the antenns. d i e l e c t r i c   m t e r i a l  at increased  tenperature. 

For sone time it has  been  evident  that  radio  transmission from a 
mLssile traveling at hypersonic  speeds may be impaired because of ion- 
izztion End f ree   e lec t rons   in  the high-teqerzture  gases  surrounding 
the missile. Since  radio  telemetry  has become ah-os t   essent ia l   for  
obtaining data during the development and tes t ing  of missiles, and 
t ac t ica l   use  of x i s s i l e s  may require  radio  techniques  for guidznce and 
fusing, t h i s  could have serious  effect  on the development and use of 
long-rage ball ist ic missiles and other  hypersonic weapons. Theoreti- 
cal  Enalysis of the  transmission end propagation problem is  extremely 
difficult  and requires  informtion which is not  aveilable, such as 
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details of the physical state of the gases surrounding the missile 
(including the degree of dissociation,  ionization, and recombination 
rates) and knowledge of the  interaction of these  gases wi th  the  elec- 
tromagnetic f i e l d  of the transmitting  antenna. Because of the small 
amount of experimental  information  available, a study h s  been made of 
the  telemeter  transrcission from two free-fl ight rocket-powered research 
xodels which reached by-personic speeds. 

These rocket models were flown at the Langley Pilotless  Aircraft  
Research Station at Wallops Island, Va., as par t  of a basic  research 
progrm.  being conducted by the Langley Laboratory on the problems asso- 
ciated w i t h  hypersonic f l i gh t .  While radio  telemetry has been  success- 
fu l ly  used i n  obtaining data from a number of free-flight  research 
Rodels which have been  flown as par t  of this program, the signal- 
strength measurements  which are necessary i n  a study of the  radio  trans- 
mission groblem were not made awing  previous model f l igh ts .  

I n  order to   indicate  the attenuation  resulting at increased  veloc- 
i t ies,   the  variation  in  signal  strength  received from telemeters  oper- 
ating at 219.5 megacycles i s  compared w i t h  calculated  values based on 
free-space  conditions. This comparison is made et flight  conditions 
above a Mach  number of 5.0 un t i l   t he  time of loss of teleneter signal, 
which occurred i n  one case at a Mach  number of 15.5 a t  an a l t i tude  of 
98,000 feet, and i n  the other  case at a Mach  number of 15.7 at an alti- 
tude of 70,300 fee t .  It i s  necessary t o  emphasize that the attenuation 
velues are of a quali tative aature because of l imitations  in  accurately 
determining the free-space  mtenna  radiation  patterns and d i f f icu l ty  i n  
determining  the  attitude  angles of the model  which are needed to   loca te  
the  position of the  receiving  si te  in  these  patterns.  

A n  analysis i s  made of the  heating  conditions which apparently 
cairsed s t ruc tura l   fa i lure  m-d loss  of telemeter  signal from one  model. 
Analysis of the  heating  conditions  for the other model indicates  that  
the loss of telemeter s+gn&l i n  t h i s  case  ray also have been a resu l t  
of s t ructural  failure cacsed by heating, although  the  heating  conditions 
did  not zppeax t o  be so severe as in   the  case of the first model. Some 
of the  f l ight  conditiom me shown t o  correspond w i t h  points on the 
t ra jectory of a reentry missile w i t h  of 100 lb/sq f't, a reentry 

velocity of 20,000 feet   per  second, and a reentry angle of -21.80. The 
electron  concentration  calculcted at the  stegnation  point  for the high- 
est   velocity  f l ight  condltions at which a telemeter  signal was received 
approached  axh hum electron  concentration  expected  dwing  reentry of 
such a missile. 

CDPL 
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SYMBOLS 

* 

A frontel   area of body 

CD drag coefficient 

d dist&nce, I't 

GR receiving  antenna  gain 

% trvlsmitt ing antenna g a h  

M Mach nmber 

Ne' free  electron  concentration 

PT tre.nsn.itted power, watts 

pR received power, w a t t s  

- 
W weight, lb 

- a angle  reletive t o  horizontal, deg 

Y r a t i o  of specific  heat at constant pressure to specific  heat 
at constmt volme 

A wavelength, ft 

Subscript: 

W air at teaperature of w a l l  

Models 

Each of the two models WES propelled by e five-stage  rocket  system 
the f i rs t   s tage  consis ted of En M6 JATO (Honest John) rocket motor; the 
second and CMrd stages, M5 JATO (Nike) rocket motors; the fourth  stage, 
a JATO, 1.52-KS-33, 550, XMlg (Recruit)  rocket motor; and the fift'n 
stage, a JATO, l.3-KS-k80Oy T55 rocket motor. A photograph of  one com- 

c plete  assenbiy  =outed on  t'ne launcher  just  prior t o  f i r i n g  is shown in 

e 
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figure 1. Figu-e 2 presents ti. sketch of the first four stcges  together 
w i t h  a t & l e  which gives  the  weights of the various components. 

A ?hotograph of rrodel A is presented in   f i gu re  3 md a sketch is 
shown in frgure 4. Model B i s  shown in the photograph of figure 5 and 
the  sketch  in  figure 6. 

Instruzent&tion 

Both xodels were instrumented with standard NOXA radio  telemetry 
whicn uses a trammitter  operatfng at 219.5 megacycles with e n m i n a l  
radio-frequency power output of' 1.5 watts. Measurements taken by f ive  
acceleroEeters and s i x  t'nermocouples  were transmitted frm model A for 
the  purpose of obtaining  heating  data. A detailed  description of this 
n;od.el and the results of the heating investigation are given i n  refer- 
ence 1. I n  model B, the  instru?entation weight was held t o  a minimun? 
i n  order t o  0btai.n- maxima velocity, and longitudinal  acceleration was 
the only measwenent t r a n s d t t e d  IYcm the  model. 

Details of the anzema  construction  for model 4, axe shown i n   f i g -  
me 7. The  ;?l.e&sured radiation  patterns  for model A alone and. for  
model A assembled with  the  fourth-stage  Recruit  rocket zre presented 
i n  figme 8. DetaLls of the antenna  coastruction  for  nodel B ere shown 
f n  f5gx-e 9 ,  a?ld the enterm& radiat ion  pat terns   for  model B are  pre- 
sented  in figure 10. In  figure 50 the  pettern  for znodel B d o n e  was 
measured; however, the pa t te rn   for  model. B assembled with  the  fourth 
stage w 2 s  assued t o  be identical   with the pattern of model A assenbled 
with i t s  fourth stage. 

The mtenne. radiation  patterns wl.lch are presented i n  figures 8 
and 10 are based 02 measurements made w i t h  the model and the receiving 
ar?_tel.-na sepzrated by e distance of 300 feet and with  both  antennas 
located  four wzvelengths above the growd.  Since  severalbuildiws &re 
locatea  within 1,000 f ee t  of the antenna test   area,   there is a possi- 
b i l i t y  t'mt these  patterns ere in   error ,   psr t icular ly  at the Lower sig- 
nal levels  wkere the  reflected energy frm the najor lobes m y  repre- 
sent  qprecia'cle pa r t  of the .Dower being neasured. The resu l t s  
obtained ikon; measurements Irzde w i t h  antennas whose radiation patterns 
are weli know Lndicate that portions of  the antenna patterns which m e  
within 6 decibels of the mxximun vdue arre accurete  within +2 decibels. 

&ring  the fli&t tests, the teleneter transmission was recorded 
5y an IUCA receiving  stztior-  located at the launching site. The f o l -  
lcwing receiving conqonents were used: 
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(1) Antema - Twenty-turn helix  operated  in i t s  axial mode; circu- 
larly  polarized;  theoretical  gain of 18 decibels over an isotropic 
radiator; 26O bean  width at 3-decibel  atteauation  points 

(2) Preamplifier - Applied Science  Corporation of Princeton  type 
APA-2 preap l i f i e r ;   ga in  of 15 decibels;  4.5-decibel  neasured  rioise 
figure of premglifier-telemeter  receiver conibination 

(3)  Receiver - I!UCA modified APR-4 receiver  with  intemediate- 
frequency bend width of 2 megscycles  and provisions  for  signal  strength 
recordillg 

A photograph of the receLving  antenna  used is s h m  in   f igure  11. 
The antenna w a s  continuously  directed at the  nodel by an operetor who 
was supglied  information from the NACA modified SCR-584 tracking  redm 
up unt i l   the  time of fourth-stage firing. After this time the antema 
w a s  directed  in accordance with a previously  calculated  trajectory. 
Comparison or" tine t ra jectory used for   direct ing the antenna  with  the 
trajectory  obtained after final b t a  workup indiceted  that   the   mtema 
was positioned so  that i t s  gein w a s  within 2 decibels of maximum during 
the   t es t s .  

T'le sigaal leve l  at the  intermediate  frequency  anplifier i n   t h e  
receiver w a s  rec t i f ied ,   f i l t e red ,  end recorded; and celibrations were 
mede inmedietely  following  each f l i g h t  t o  obtain  the  signal power 
received at the antenna  terminals. The &ccuracy of this measurement 
w a s  determined by the eccuracy of the  signal source and attenugtors 
used Tor the calibrations esd t he   s t ab i l i t y  of the receiving equipment. 
Cmpazison of a number of cdibrEt ions and laboratory tests of the com- 
mercial  radio-frequency  signal  generator  used  indicated that the abso- 
lu te  eccuracy was within &3 decibels at power levels from 1 x watts 

agreenert of repeated  calLbrations  indicated  tha%  chmges  in power leve l  
were neasured  within kO.5 decibel over the  short   interval of time 
requcred f o r  the model f l i gh t  end calibration of the  recelvtng equipment. 
It w ~ r s  not possible t o  obtain  relieble measuremenb of the  received sig- 
ne1 power a t   l eve l s  below 1.0 x watts because of the the-lrmal nolse 
snd iaterference  present at this power level.  

* t o  1 x loW9 watts.  Laboratory t e s t s  of the  attenuators used and the 

The paver expected at  the  receiving antenma w a s  calculated by using 
free-space  transmission  theory  as  presented i n  reference 2 and the 
relat ion 



6 NACA RM L58D18a 

The transmitted power was measured p r io r   t o   f i r i ng  eech model  and the 
gain of the  transmitting mtenna was obtained from the radiation  pat-  
terns  presented z s  f+gmes 6 and 10 by determining the angle of the 
receivi?!  site  off  the  longitudinal axis of the model at each time 
pcint. It w a s  assu?ed th&t the   lo rg i tud ind  axis of the model was 
alined w i t h  %he tangent t o  the model f l ight  path at aL?. times. The 
angle between the  tangent t o   t he   f l i gn t   pa th  and a l ine  to   the  receiving 
s i t e  w a s  then  used to  deternine  the  position of the  receiving  s i te   in  
the rd i a t ion   pa t t e rn  of the model. The angle of the  receiving site 
off t h e   l o n g i t u d i d  axis f o r  models A and B is presented in figures I 2  
and 13, respectively. 

T'ce xeasured  receiving  mtennz  gsin of 14 decibels mer a half- 
wzvelength dipsle was used rather thea the  theoretical  gain. The dis- 
t a x e   t o   t h e  node1 was obtained from radw flight-path  data  discussed 
in  the  following  section. 

TESTS 

Model A 

Model A w&s launched at sa & ? l e  of 7 3 O  and follawed the f l i gh t  
pEth shown i n  figure lk. Up t o   t h e   f i r i n g  of the f o w t h  stage,  the 
infomat icn   in  figure lk WES obtained  directly from the -UCA modified 
SCR-584 rad=. After t h i s  time radar  tracking was intemdttent,  and 
it was necessa-y t o  bese the data on velocities  obtained by integrating 
the t h e  history of the  longitudinal  acceleromter  installed i n  the 
model. 

Tine th i rd  stage of model A ignited at an  angle of 5.8O w i t h  the 
horizontal at a- altitGde of 96,000 feet  end Mach  nurriber of 1.0. The 
telemeter  signal was ccntirmous until fa i lure  occurred  near the end of 
thrust  of the l a s t  stege a t  92.36 seconds efter  take-off. A t  this time, 
the model wes at En a l t i tude  of 98,000 f e e t  and the  Mach number w a s  
15.5. 
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Model B . 

Model B was  1ErU"ched a t  a? angle of 7 4 O  fro= the  horizontal and 
-Polloved the  f l ight   pzth shown in   f igure  15. This fl ight-gath  inform- 
t i on  was obtained in   the  sm-e m n e r  a s  t h e t  f o r  model A. 

The third  stage of nodel B w a s  ignited ~t a angle of -17' with 
the  horizontzl a t  an a l t i tude  of 88,000 f ee t  and a Mach  number of 1.0. 
The telemeter  signal was continuous un t i l   f a i lu re  occurred near the end 
of thrust  of the las t   s tage at 94.71 seconds a f t e r  -Le;ke-oZf. A t  t h i s  
t h e  the model w a s  a t  ar d t t t u d e  of 70,500 feet and the Mach  number 
w 2 s  15.7. 

Test  Conditions 

Atmospheric temgerature and density info-miation w c s  obtained a-L 
the  t ine or" each model f l ight  by the use of radiosonde  equipnent. These 
date were esserhially  the same f o r  both model Plights e,t the  a l t i tudes 
of' interest.  Figure 16 shows the  atmospheric  temperature and density 
zt a l t i tudes  sbove 35,000 f ee t  for both model f l igh ts .  

Time his tor ies  showing the velocity and density for  models A and B 
are  sho - i  i n  figures 1-7 and 18. 

Model Temperatures 

14exinum neasured  inside  skin  temperatures on model A reached 
2,930° R at the tine et which the  telemeter  sigEal was l o s t .  Figure 19 
presents time his tor ies  of the  inside  skin  temperatures measured at two 
locations on the cose of  model A. As discussed ia reference I, tempera- 
ture differences through the skin of ssveral hundred degrees were cal- 
culated  near  the end of the test. The resul t ing m e x h u m  tenrperatures 
indicete that the melting  temperature of Inconel, 2,960~ R, w e s  reached 
on the  surface an& w a s  closely approached on the  inside of %he skin at 
the  t tae  the  telemeter signd w a s  l o s t .  

No temperatures were mezsured on model B; however, the wall tem- 
peratures were celculated by assumirg heat-transfer  quantities based on 
previous  experhents on similzr nose shEpes a t   these  f l ight  condittons 
and using a method ol" fini-Le  differences t o  determine the  heat flaw 
into  the w a l l .  Figure 20 presents t h e  histories or" the  surface tern- 
gerature which were ca lcuhted  at two  locctions on the nose of nodel B. 
Because of the much greater heat capacity of the copper Ease used on 
model E, these  calculated  teQperatures axe much lower than  the tempera- 
tures  on model A v'fich were discxssed  previously. 
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Because of the extreme temperatures  experienced on the nose cf 
model A, it is  reasonzble t o  assume that structural  failure was the 
cause of loss of tele?eter  signal. The heating  calculated  for model B 
was not so severe at the  time  the  teleroeter  signal was  lost; however, 
in   these  calcuht ions lan-ina;r-flar  heat-trensfer  qumtities and zero 
a g l e  of attack were assuxed. If these  conditions were different the 
heating nay have been much worse and the copper nose have  weakened 
s d f i c i e n t l y   t o   f a i l .  Thus, the loss of telemeter  signal from model B 
may also have been the resu l t  of s t ructural  failure caused by heeting. 

RESULTS AND DISCUSSION 

Comparfson of Measured and Tkeoretical 

Received Signal  Strengths 

Time his tor ies  of the received signal strength and the signal 
strezgth  calculated  in accordance with free-space  theory =e presented 
i n  figures 21 and 22 fo r  models A and B, respectively. Data are pre- 
sen%ed only for   t ae  ti-xe following  fourth-stage  firing  since t h i s  time 
covers  the  period of significant  heating of the gases surromding the 
models Eqd inciudes speeds above a Mach number of 5 .O fo r  both models. 
In  f igures 21 and 22 the signal strength i s  not shown at the t h e  of 
fourt'l-stage and fifth-stage  rocket firing. A t  these tiroes variations 
iz signal  strength were on the order of 20 t o  30 decibels. It is 
thoEg3t t'nat these  laxge  varlations were caused ei ther  by ref lect ions 
durCng sepasztion of the stages or by t r m s i e n t  changes i n  the c t t i tude  
cf  the  mo6elwhich  placed the receiving site i n  a dcfferect  posttion  in 
the  antenna  pettern;  or by same conbination of these  items. 

I n  Tigure 22, the  Urge  dlfference between the measured  and theo- 
re t ica l   s igna l  strengths fo r  model B is thought t o  have been  caused by 
low power-supply voltege  in the model. This model was  delayed  during 
the lawc3ing  procedure and remained on i t s  internal   bat tery supsly 
nuch longer t h v l  was desired. Measrsenent of the signal  strength with 
the model on the  launcher showed tht the  received sower we6 12 decibels 
belaw t h a t  cf model A end that t h i s  power  was decreasing  slowly at the 
time of f i r i zg .  However, it i s  estinated that the decrease i n  power 
jecause of s?qply-voltage chenges during the time interval  covered i n  
figure 22 was less t h n  2 decibels. 
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Changes in  Signal  Strength  at  Increased 

9 

Velocity  Flight  Conditions 

Direct  camprison between the measured md t'neoretical  plots in  
figures 21 a d  22 is  os" limited  value  because of the  diff icul ty   in   pre-  
dicting  the  signal  strength by using free-spece-propagation  theory 
alone.  Factors such as rnu1tipai;h transmission and variations Fn atmos- 
pheric  conditions  co-ad  cmse  significant  differences between the  theo- 
r e t i c d  an& meesured signal  strengths. For this reason, it appearrs 
that the most significant  information is in   the  charges i n  signal 
strength  during  each  flight. It is  recognized tha t  the factors  men- 
tioned  previously may also aZfect  these changes in  signal  strength; 
however, for   these  f l ights   the part of the transmission  path  in  the 
lower atmosphere i s  essentielly  constant, and atnospheric  conditions 
should r emin  unchanged during  the short time interval  required  for 
each t e s t .  

In  order to   indicate   the  a t tenuat ion experienced. at increased 
velocity  flight  conditions,  the chm?ges i n  measured signal  strength 
were corrected by the mount predicted by using  free  space  theory. -4 
time  following  fourth-stage  ignition was selected es the  reference 
point, end the changes in   both  the measured and theoretical  received 
sip-d strength were determined un t i l   t he  time the  telemeter  signel w e s  
los t .  The difference between the measured end t'je theoret icel  changes 
in  sigarl strength  then  gives  the ch&nge in   s ignal   s t rength which m y  
be at t r ibuted to increased  velocities. The resul t ing time his tor ies ,  
d o n a  with  time his tor ies  of Mach  number and eJ-tituSe, are presented i n  
figures 23 and 24 f o r  models A and B, respectively. 

In fi,o;LLre 23, it should be noted that a decrease in   s ignal   s t rength 
of approximtely 9 decibels  occurred between 89.0 seconds and 90.0 sec- 
onds, and tht t h i s  decrease wes recovered after f i f th-s tege  igni t ion 
and sepmatio-n- of the  fourth end f i f th   s tages .  The continuous  decrease 
in   s ig rd   s t r eng th   fo l lowing   f i f t h - s t ege   i s i t i on  may have beer- t'ne 
resu l t  of thermal ionization  in  the  gases  surrouading the  model or 
other  conditions  existing a t  increased  f l ight  velocit ies.  Eowever, 
study 02 the measured transverse  accelerations  indiceted that the m o d e l  
reached en mgle  of attack of IOo at the time at which the telemeter 
signal w e s  l o s t .  T h i s  chenge, or e cba3lge in   a t t i tude  during  s t ructural  
fa i lure ,  m&y have placed  the  receiving  si te  in an unfavorable  part of 
the model antema  pattern,   result ing tn decreased sigm3. strength. 

In  f igure 24, a decrease in  signal  strength  occurred  during  fourth- 
stage burni-n-g et ap_aroximately the same time ef te r   ign i t ion  as w a s  noted 
for  ~ o d e l  A. The signal  strength  continued t o  decrease a f t e r   f i f t h -  
stwe f i r i n g   f o r  m o d e l B  and a f t e r  94.0 seco-n-ds the signal strength for 
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mo6el B was approaching  the  thermal  noise  level of  the receiver.  Since 
no trmsverse  acceleration measurements were nmie i n  model B, it was 
not  possible to determine if t'ne decrease in  signal  strength was related .. 
bo posstble  at t i tude changes of the model. i 

Conditions at Increased  Flight  Velocities 

Several  aspects of the problem of radio  transmission at increased 
f l igh t   ve loc i t ies  me as follows: 

(1) Increased  electron  concentration in   t he  flar f i e l d  surrounding 
the mddel may cause attenuation and ref lect ions of the radiated signal; 
also, impedmce mismtch of the radiating antenna may OCCUT w i t h  a 
result ing power loss. 

(2) A t  increased  concentrations of free electrons and ions, and 
with low local   pressures ,   the   e lectr ic   f ie ld   s t rength between parts of 
t h e   r a d i a t i q  antenna may cause brezkdown and power loss i n   a r c  
discharge . 

(3} During rocket  ignition a d  burning,  cm-bustioa  products i n  the 
exh&ust  gases may produce additional  at tentuation if  the signal path 
passes  through these gases. A t  increased  velocities and high  altitudes, 
t'he expansion of the rocket exhazst gases w i l l  increase and a greater 
area i s  affected by these combustion products. I 

(4) Exbreme hezting  present  at  increased veloci t ies   affects   the 
Srogerties of the  dielectr ic  material used in   the  radiat ing antenna. 
The dielectric-loss  factor of this mterial increases and other chavlges 
m y  %&e glace which reduce the  radiated power. 

( 5 )  Natural atmospheric  ionfzation a d  dissociation  in  the  path 
between the  transmitting  antenna and the  receiving si te nay  be impor- 
tan t  Curing trmsmission from high  altitudes.  Since  both models A end B 
were well below the  ionosphere, this factor  was not  considered  for  the 
tests  reported  herein. 

The f ac to r s   l i s t ed  &s items (1) and (2) are related  to  the  physi- 
cal structure of the gases  surrounding the model. Detailed malys is  of 
the  interaction between these  gases and the electromagnetic  field i s  an 
extremely  difTicult  prcblen which requires  information that is not 
available. 

Rocket combustion poducts  may have resu l ted   in  sme attenuation. 
Th i s  possibi l i ty  is  indicated i n  figure 23 by the  recovery of signal 
efter  fourth-stage bulrnout m d  following  separation of the f f f t h  stage. 
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It i s  signi?ica.nt tha t  the  thermal  ionizatior- due t o  increased  velocity 
should have been much grecter at 90.8 seconds t h v l  et 89.8 seconds,  yet 
the signal strength  increased epproximately 6.0 decibels. The r e su l t s  
shown i n  figure 24 for model B do not  agree w i t h  this; however, it 
should be  noted *om figures 12 and 13 that the  transmission  path Tor 
model B i s  & g. much greater  angle of f  the  longitudinal axis than f o r  
model A. It I s  reasonable t o   e m e c t  thet the  effects  of the  cmbustion 
products were greatly reduced at this increased  angle. 

Estlhstes of the  heatillg  eqerienced by the aluminum oxide antenna 
d i e l e c t r i c   w t e r i a l  (Coors Porcelain Co. type AI-200) showed that sur- 
face  tezyeratures of 930° F 2nd 500° F were reached for nodels A and B, 
respectLvely.  I-rlfomtion on the  properties of this material is not 
exeilzble .zt the operEting  frequency of 219.5 megacycles.  Eovever, a t  
a frequency of 1 x 10 6 cycles  the  dielectric-loss  increases frm- 0.0267 
e,-t 68' F t o  0.107 at 930' F; and at 1 x lo1' cycles  the loss factor  
increases from 0.0146 t o  0.0179 over this temperat-me range. mdita-  
t i ve   t e s t s   mde  by substi tuting E material whose dielectr ic- loss   factor  
was know- t o  exceed tha t  of aluminum oxide at elevgted  temperatures 
indiczrted that the loss from this source w a s  l e s s  t'nm 3 decibels. 

A s  was stated previously, enalysis of the  physical state of the 
geses surrounding the models is d i f f i cu l t .  However, *ora conductivity 
considersttons it i s  ressonable t o  assume that the  resul t ing attema- 
t ion i s  a fmc t ion  of the  free-electron  concentretion at the radiat ing 
a-n-tenne and in   the Tlow f i e l d  surrounding the xodel.  In  order t o  indi- 
cate  the  conditions f o r  these models and t o  provide comparison w i t h  a 
przcticzl   case,   calcdations were made of the  electron  concentration at 
the  stagnation point for ncdels A m d  B and f o r  z hypothet ical   bal l is t ic  
missile ciuripx reectry. 

It is  necessay t o  ezqhasize that exact comp&rison of the trans- 
mission T r m  these models a d  the  bal l is t ic   missi le   case cannot  be made 
03 the basrs of the  electron  comentration at the  stagnation  point 
done .  Such comparison would require  information on the electron con- 
centration  throughout  the  entire ?low f i e l d  surrounding the  vehicles 
and  knowledge of the  interaction w i t h  the electrmegnet ic   f ie ld   pro-  
Ouccci by the  t rasmit t ing  er- tema.  Thus a b s l l i s t i c  nissile might heve 
more, o r  iess: attenuation thm these  nodels eve=  though the  stagnation- 
point  electror? concentra-tior-s are  the same. However, the  increased 
electron  concentration at the  stagrAtion  point w i t h  increased  velocity 
should be representative of increesed  electron  concentration  throughout 
the flow T i e l t i .  

F ig i r e  25 ?resents  the  free-electron  concentration at the stzgna- 
tcon  point f o r  models A and B, and f o r  a reentry missile w i t h  - of w 
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lo0 lb/sq f t ,  reentry  a l t i tude of 200,000 feet,  reentry  angle of -21 .ao, 
and reentry  velocity of 20,000 feet   per  second. These electrort concen- 
t ra t ions  were calcxiated w i t h  the equilibriun composition of a i r  given 
i n  reTerence 3 an-d the  stagnaticn-3oint  conditions i n  reference 4. 
Atmospheric density and ternperatwe  velues for   the  bal l is t ic-missi le  
case were obtained from reference 5.  It should  be  noted that  both 
xodels A znd B were flown at a l t i tudes  below the  region of maximum elec- 
tron  cor-ce3tration for the reentry  missile; however, it i s  significant 
%hat %he snaximurn electron  concentration at which a telemeter  signel was 
received epproac3ed the maximum electron  concentration  expected  during 
reentry of: such a missile. 

Two rocket-powered models were flown at hypersonic  speeds w i t h  
te lemters   operat ing at e frequency of 219.5 megacycles. One model 
rem-hed a Mach  number of 15.5 a t  en al t i tude of 98,000 feet  before  the 
telemeter srgnal WZS lost, and the other model reached e. Msch ?lumber 
of 15.7 at, 70,500 fee t .  The reasons for l o s s  of telemeter  signal  are 
20-L knom; hcwever, it &ppea;rs that both models may have fai led etruc- 
tu-relly because of  severe  eerodymmic  heating at t'ne time a t  which the 
teleneter  signzl was l o s t .  

Pzd-jrsis of the  signal strength received ,from each model  showed 
t h t  significar?.i; decreese in   s ignal  strerigth occurred  during  the  period 
cf %ck number Fncrease. It was not  possible t o  determine the mount 
cf attenuation czused by thermal  ionization  in the high-temperature 
geses slsrrounding the models or by other  conditions  experienced  during 
the  f l ights .  

There is reasonable  evidence, i n  one case, t'hat part of the signal 
loss may heve reszlted from a chmge i n  model a t t i tude  which placed the 
receiving  s i te   in  a nu l l  in the antenna  radietfon  Fattern.  In  this 
case it also a2pe-s th&t  some attenmtion  zay have been  caused by 
rocket  cm3ustion  products  in the  path between t k e  model  and the 
receiving site. 

Incrsased  losses  in  t3e  antenna  dielectric  material a t  the eleveted 
terqeratures produced by cerodynzcnic heating  probably  caused only s l igh t  
slgnal loss dur:ng the xodel f l i gh t s .  

It is important that successful  telemeter  transmission was obtained 
at these  Plight  conditions even though there may have been considerable 
attenuation because of thermal  ionization. Also, it should  be  noted 
tha t  the meximm stagnation  point  electron  concentrations at which a 
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telemeter si- wes received closely approached the ~llaximum concentra- 
t i o n  expected for e, reentry  vehicle  with w of 100 (where W is 

weight, CD i s  drag coefflcient, and A is frontal  mea of the body), 
reentry  altitude of 200,000 feet,  reentry angle of -21.80, and reentry 
velocity of 20,000 feet  per second. 
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Figure 4. - Sketch of model A. 



Figure 5.- Photograph of model B. L-57-1087 
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Figure 6.  - Sketch of model B. 
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Inner  insu!otir.g rlng (rnicorta) Sh3rfir.g screws located approx!mately 

To short ccross  inner  insulating ring.7 
180° from antenna fee0 point 

Ovte: insulating ring 

Insulating 

Coaxial  feed cable k l m  

&Antenno feed pcint 
Section A-A 

Figure 7.- Details of a t e m a  construction of model A. - 
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Figure 8.- Nominal antenna radiation  patteras i n  plane  containing  longi- 
t ud iml  axis of model. Model A. 
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Insulathg  sleeve [micarfa) 

Inner  insuloting  ring(mica:to) 

Outer  insulating ring (clurninum  oxide) 2 

Shorting screws-located  across 
from  anterna feed point. To 
shcrt across  inner  insulating ring \ \\\ 

Shorting  elemenf 1 rlr.sgla:ing 

Coaxial feed cable L 
Figize 9.- Details of zntema  construction of Eodel B. 

feed point. 
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L-57-3664 
Figure 11.- Photograph of telemeter receiving antenna. 
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Figure 12.- Angular location of receiving site ofi' longitudinal axis of model A. 
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Figure 13.- Angular location of receiving s i te  off longitudinal axis of model 13. 
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Figure 16. - Free-stream telqperatu-re and density. 
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Figure 18.- Velocity  and  density  time history of model B. 
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Figure 20.- Calculated outside wall temperature of model B. 
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model A. 



NP”A FM ~58~1& 

0 Measured signal strength 
0 Signal  strength  calculated 

using free-space  theory 

r fourth-stage ignition 
I 

0 2 4 6 8 0 2 4 6 8  
91 92 

-Theory 

yf i f th-stace Ignition 

35 

2 4 0 
93 

Time  offer launching,  sec 

6 8 0 
94 

2 6 

Figure 22.- Measured and theoretical  received signal strength from 
model B. 
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Figme 25.- Variation of electron concentration at  stegnation polnt for 
'hypothetical bal l i s t ic  missile and models A and B. 
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